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Table A Results of water-column 231Pa, 230Th and 232Th concentrations, and 231Pa/230Th ratios in the Southwest Atlantic Ocean
Station	Depth	231Pa	231Pacorr	231Pacorr	2se	230Th	230Thcorr	230Thcorr	2se	232Th	232Th	2se	231Pacorr/230Thcorr	2se
	m	fg/kg	fg/kg	dpm/1000l		fg/kg	fg/kg	dpm/1000l		pg/kg	dpm/1000l			
JC057-1	2299	2.95	2.94	0.32	0.02	15.22	15.01	0.70	0.02	56.76	0.0142	0.0008	0.45	0.03
49.55oS	2243	2.85	2.85	0.31	0.02	15.40	15.22	0.71	0.02	47.87	0.0119	0.0008	0.43	0.03
52.69oW	2118	3.00	2.99	0.32	0.13	15.57	15.42	0.72	0.10	39.49	0.0099	0.0013	0.45	0.19
	1875	2.87	2.87	0.31	0.03	14.75	14.64	0.68	0.02	30.06	0.0075	0.0008	0.45	0.04
	1502	2.45	2.45	0.26	0.01	14.16	14.03	0.66	0.02	34.17	0.0085	0.0007	0.40	0.02
	999	2.09	2.09	0.22	0.02	10.06	9.93	0.46	0.02	35.29	0.0088	0.0008	0.48	0.05
	900	1.81	1.81	0.19	0.01	10.22	10.05	0.47	0.01	44.55	0.0111	0.0007	0.41	0.03
	702	1.55	1.55	0.17	0.02	6.93	6.87	0.32	0.01	16.27	0.0041	0.0007	0.52	0.06
	499	1.27	1.27	0.14	0.02	6.12	6.06	0.28	0.01	16.23	0.0041	0.0007	0.48	0.07
	250	0.83	0.83	0.09	0.02	4.18	4.12	0.19	0.01	15.97	0.0040	0.0007	0.46	0.10
	99	0.45	0.43	0.05	0.01	3.62	2.82	0.13	0.01	215.28	0.0537	0.0012	0.35	0.10
	24	0.46	0.46	0.05	0.01	0.95	0.79	0.04	0.01	42.17	0.0105	0.0004	1.33	0.32
														
JC057-2	5801	2.58	2.57	0.28	0.05	22.16	21.85	1.02	0.03	80.70	0.0201	0.0004	0.27	0.05
48.94oS	5500	2.43	2.43	0.26	0.05	19.38	19.11	0.89	0.02	72.92	0.0182	0.0004	0.29	0.06
48.79oW	5001	2.66	2.66	0.29	0.05	20.05	19.82	0.93	0.03	63.58	0.0159	0.0003	0.31	0.06
	4001	2.90	2.90	0.31	0.06	18.95	18.78	0.88	0.02	44.95	0.0112	0.0002	0.35	0.06
	3003	2.97	2.96	0.32	0.06	15.92	15.82	0.74	0.02	27.71	0.0069	0.0002	0.43	0.08
	2001	2.70	2.70	0.29	0.05	14.47	14.35	0.67	0.02	31.10	0.0078	0.0002	0.43	0.08
	1502	2.49	2.48	0.27	0.05	11.93	11.84	0.55	0.02	24.32	0.0061	0.0002	0.48	0.09
	1002	2.11	2.10	0.23	0.04	9.54	9.44	0.44	0.01	25.92	0.0065	0.0002	0.51	0.10
	501	1.27	1.27	0.14	0.03	6.24	6.16	0.29	0.02	20.35	0.0051	0.0001	0.47	0.10
	250	0.82	0.82	0.09	0.02	4.88	4.81	0.23	0.01	19.03	0.0047	0.0001	0.39	0.09
	99	0.48	0.48	0.05	0.01	1.59	1.53	0.07	0.01	17.71	0.0044	0.0001	0.72	0.23
	25	0.47	0.47	0.05	0.01	3.02	2.97	0.14	0.01	13.89	0.0035	0.0001	0.36	0.09
														
JC057-3	5699	2.50	2.49	0.27	0.01	14.83	14.59	0.68	0.02	63.56	0.0159	0.0004	0.39	0.02
46.91oS	5498	2.48	2.48	0.27	0.01	14.91	14.68	0.69	0.02	62.86	0.0157	0.0003	0.39	0.02
47.18oW	5001	2.95	2.95	0.32	0.01	17.71	17.49	0.82	0.02	56.81	0.0142	0.0003	0.39	0.02
	4000	2.60	2.60	0.28	0.05	15.00	14.88	0.70	0.02	32.46	0.0081	0.0002	0.40	0.07
	3001	2.96	2.96	0.32	0.01	14.36	14.24	0.67	0.02	32.73	0.0082	0.0002	0.48	0.02
	2002	3.00	3.00	0.32	0.01	11.22	11.10	0.52	0.02	30.53	0.0076	0.0002	0.62	0.03
	1503	3.35	3.35	0.36	0.01	9.27	9.16	0.43	0.01	28.51	0.0071	0.0002	0.84	0.04
	1001	1.57	1.57	0.17	0.01	7.38	7.27	0.34	0.01	30.22	0.0075	0.0002	0.49	0.04
	250	0.72	0.72	0.08	0.02	3.15	2.92	0.14	0.01	60.12	0.0150	0.0003	0.56	0.12
	101	0.38	0.37	0.04	0.01	3.01	2.76	0.13	0.01	67.68	0.0169	0.0007	0.31	0.08
	25	0.37	0.37	0.04	0.01	0.44	0.34	0.02	0.01	25.92	0.0065	0.0001	2.48	0.80
														
JC057-4	5040	2.29	2.29	0.25	0.04	15.53	15.30	0.72	0.02	61.40	0.0153	0.0003	0.34	0.06
44.71oS	5001	2.22	2.21	0.24	0.04	16.29	16.04	0.75	0.02	67.37	0.0168	0.0003	0.32	0.06
45.53oW	4498	2.81	2.80	0.30	0.05	21.56	21.32	1.00	0.02	64.74	0.0162	0.0003	0.30	0.05
	3501	3.03	3.03	0.33	0.06	17.76	17.61	0.82	0.02	37.99	0.0095	0.0002	0.39	0.07
	2501	2.92	2.92	0.31	0.06	15.15	15.02	0.70	0.02	34.05	0.0085	0.0002	0.45	0.08
	1750	2.73	2.72	0.29	0.05	13.00	12.86	0.60	0.02	36.88	0.0092	0.0002	0.49	0.09
	1501	2.69	2.69	0.29	0.05	11.44	11.32	0.53	0.02	33.02	0.0082	0.0002	0.55	0.10
	1002	1.91	1.90	0.20	0.04	8.55	8.45	0.40	0.02	27.64	0.0069	0.0002	0.52	0.10
	500	1.07	1.07	0.12	0.02	6.52	6.40	0.30	0.02	31.09	0.0078	0.0002	0.38	0.08
	250	0.77	0.77	0.08	0.02	2.99	2.86	0.13	0.01	35.73	0.0089	0.0002	0.62	0.15
	99	0.47	0.47	0.05	0.01	1.68	1.62	0.08	0.01	16.50	0.0041	0.0001	0.66	0.21
	23	0.14	0.14	0.02	0.01	0.12	0.10	0.004	0.01	5.34	0.0013	0.0001	3.37	3.54
														
JC057-5	5153	1.96	1.96	0.21	0.01	15.09	14.85	0.70	0.02	61.92	0.0155	0.0007	0.30	0.02
42.36oS	4999	2.14	2.13	0.23	0.01	18.63	18.35	0.86	0.02	73.65	0.0184	0.0007	0.27	0.02
44.03oW	4499	2.44	2.44	0.26	0.01	19.77	19.54	0.91	0.02	60.11	0.0150	0.0008	0.29	0.02
	3500	2.65	2.65	0.28	0.01	18.33	18.17	0.85	0.02	44.00	0.0110	0.0007	0.34	0.02
	2500	2.67	2.67	0.29	0.01	15.04	14.90	0.70	0.02	38.84	0.0097	0.0007	0.41	0.02
	1750	2.33	2.33	0.25	0.01	12.76	12.63	0.59	0.01	35.84	0.0089	0.0007	0.42	0.03
	1500	2.22	2.22	0.24	0.01	10.74	10.62	0.50	0.01	32.73	0.0082	0.0007	0.48	0.03
	1000	1.55	1.55	0.17	0.01	8.19	8.07	0.38	0.01	30.13	0.0075	0.0007	0.44	0.04
	501	0.86	0.86	0.09	0.01	5.92	5.80	0.27	0.02	32.95	0.0082	0.0008	0.34	0.05
	250	0.58	0.58	0.06	0.01	4.70	4.53	0.21	0.01	44.25	0.0110	0.0007	0.29	0.06
	102	0.54	0.53	0.06	0.01	2.84	2.70	0.13	0.01	37.03	0.0092	0.0007	0.45	0.10
	25	0.12	0.12	0.01	0.01	0.16	0.14	0.01	0.01	6.08	0.0015	0.0003	2.04	3.04
														
JC057-6	5119	1.97	1.96	0.21	0.04	14.32	14.10	0.66	0.02	60.54	0.0151	0.0002	0.32	0.06
39.96oS	4999	2.27	2.26	0.24	0.06	22.12	21.76	1.02	0.30	96.74	0.0241	0.0053	0.24	0.09
42.42oW	4498	2.53	2.52	0.27	0.05	22.10	21.84	1.02	0.04	68.78	0.0172	0.0003	0.27	0.05
	3501	2.88	2.88	0.31	0.06	17.70	17.54	0.82	0.03	44.88	0.0112	0.0002	0.38	0.07
	3002	2.81	2.81	0.30	0.05	16.23	16.10	0.75	0.03	34.37	0.0086	0.0002	0.40	0.07
	2001	2.43	2.42	0.26	0.05	10.49	10.37	0.49	0.02	32.83	0.0082	0.0001	0.54	0.10
	1396	2.68	2.68	0.29	0.05	14.01	13.84	0.65	0.02	46.20	0.0115	0.0002	0.44	0.08
	1000	1.63	1.63	0.18	0.03	8.11	7.99	0.37	0.02	33.03	0.0082	0.0002	0.47	0.09
	500	0.90	0.89	0.10	0.02	5.06	4.95	0.23	0.01	31.23	0.0078	0.0001	0.41	0.09
	250	0.70	0.70	0.07	0.02	5.31	5.13	0.24	0.02	48.47	0.0121	0.0002	0.31	0.07
	101	0.41	0.41	0.04	0.01	3.18	2.93	0.14	0.01	67.98	0.0170	0.0002	0.32	0.09
														
JC057-7	5023	2.23	2.23	0.24	0.04	17.59	17.29	0.81	0.02	80.90	0.0202	0.0004	0.30	0.05
37.83oS	5000	1.43	1.43	0.15	0.03	16.63	16.36	0.77	0.02	71.19	0.0178	0.0004	0.20	0.04
41.12oW	4499	2.73	2.72	0.29	0.05	21.53	21.29	1.00	0.05	64.97	0.0162	0.0006	0.29	0.05
	3500	2.82	2.82	0.30	0.05	18.65	18.47	0.86	0.02	48.17	0.0120	0.0003	0.35	0.06
	2501	2.92	2.92	0.31	0.06	15.29	15.12	0.71	0.02	46.78	0.0117	0.0002	0.44	0.08
	1748	2.56	2.56	0.27	0.05	6.07	5.93	0.28	0.02	37.93	0.0095	0.0002	0.99	0.19
	1500	2.27	2.27	0.24	0.04	9.50	9.38	0.44	0.02	32.74	0.0082	0.0002	0.55	0.10
	1000	0.68	0.68	0.07	0.02	6.07	5.83	0.27	0.01	64.31	0.0160	0.0003	0.27	0.06
	409	1.35	1.35	0.15	0.03	6.58	6.46	0.30	0.01	33.52	0.0084	0.0002	0.48	0.09
	249	0.60	0.59	0.06	0.02	6.61	6.28	0.29	0.01	88.32	0.0220	0.0004	0.22	0.06
	101	0.49	0.48	0.05	0.01	3.08	2.85	0.13	0.01	62.77	0.0157	0.0003	0.39	0.11
	24	0.29	0.28	0.03	0.01	2.02	1.89	0.09	0.01	34.80	0.0087	0.0002	0.34	0.13
														
JC057-9	4121	2.52	2.51	0.27	0.02	19.32	19.10	0.89	0.03	58.53	0.0146	0.0003	0.30	0.02
32.09oS	4075	2.70	2.70	0.29	0.01	19.66	19.45	0.91	0.03	56.04	0.0140	0.0003	0.32	0.02
37.46oW	3500	2.96	2.95	0.32	0.02	21.68	21.46	1.00	0.03	59.71	0.0149	0.0003	0.32	0.02
	3000	2.74	2.74	0.29	0.02	16.94	16.75	0.78	0.03	48.65	0.0121	0.0003	0.38	0.03
	2501	2.80	2.80	0.30	0.02	16.01	15.81	0.74	0.03	53.16	0.0133	0.0003	0.41	0.03
	1750	3.04	3.04	0.33	0.06	11.73	11.63	0.54	0.02	27.21	0.0068	0.0002	0.60	0.11
	1501	2.66	2.66	0.29	0.01	10.86	10.73	0.50	0.03	35.07	0.0088	0.0002	0.57	0.04
	1001	1.72	1.72	0.18	0.02	7.35	7.22	0.34	0.02	33.16	0.0083	0.0002	0.55	0.06
	250	0.87	0.86	0.09	0.02	4.73	4.48	0.21	0.01	67.07	0.0167	0.0003	0.44	0.10
	102	0.48	0.47	0.05	0.02	2.08	1.95	0.09	0.01	36.39	0.0091	0.0002	0.56	0.17
	26	0.46	0.46	0.05	0.01	2.81	2.56	0.12	0.01	67.18	0.0168	0.0003	0.41	0.07
														
JC057-12	4498	2.22	2.21	0.24	0.01	19.38	19.15	0.90	0.02	63.88	0.0159	0.0003	0.27	0.02
22.47oS	4000	2.59	2.59	0.28	0.01	17.04	16.88	0.79	0.02	43.20	0.0108	0.0002	0.35	0.02
32.75oW	3499	2.43	2.42	0.26	0.01	22.25	22.06	1.03	0.02	53.09	0.0132	0.0003	0.25	0.01
	2999	2.52	2.51	0.27	0.01	12.10	11.97	0.56	0.02	34.36	0.0086	0.0002	0.48	0.03
	2500	2.55	2.55	0.27	0.01	17.12	16.88	0.79	0.02	64.17	0.0160	0.0003	0.35	0.02
	1750	2.43	2.43	0.26	0.01	12.47	12.28	0.57	0.02	51.68	0.0129	0.0003	0.45	0.02
	1501	2.69	2.68	0.29	0.02	9.51	9.39	0.44	0.01	32.66	0.0082	0.0007	0.66	0.04
	1000	2.13	2.13	0.23	0.01	9.19	9.09	0.43	0.01	27.53	0.0069	0.0001	0.54	0.04
	500	0.75	0.74	0.08	0.01	5.28	5.15	0.24	0.01	33.94	0.0085	0.0002	0.33	0.05
	250	0.41	0.41	0.04	0.01	2.96	2.89	0.14	0.01	20.29	0.0051	0.0001	0.33	0.09
	99	0.37	0.37	0.04	0.01	3.16	3.04	0.14	0.01	31.77	0.0079	0.0002	0.28	0.08
	23	0.52	0.52	0.06	0.01	2.06	1.93	0.09	0.01	34.20	0.0085	0.0002	0.62	0.15
														
JC057-14	5391	2.16	2.16	0.23	0.07	27.36	27.11	1.27	0.03	65.68	0.0164	0.0004	0.18	0.05
12.90oS	4999	2.73	2.72	0.29	0.05	24.94	24.69	1.16	0.03	66.85	0.0167	0.0005	0.25	0.05
29.23oW	4501	2.24	2.24	0.24	0.04	25.73	25.46	1.19	0.02	72.14	0.0180	0.0004	0.20	0.04
	3499	2.77	2.77	0.30	0.05	21.58	21.43	1.00	0.02	40.47	0.0101	0.0003	0.30	0.05
	2501	3.03	3.03	0.33	0.06	16.64	16.53	0.77	0.02	29.67	0.0074	0.0003	0.42	0.07
	1749	2.71	2.70	0.29	0.05	15.12	14.92	0.70	0.02	52.17	0.0130	0.0003	0.42	0.07
	1499	2.80	2.80	0.30	0.05	12.93	12.75	0.60	0.02	49.14	0.0123	0.0003	0.50	0.09
	1001	2.73	2.73	0.29	0.05	10.15	10.05	0.47	0.01	27.02	0.0067	0.0003	0.62	0.11
	500	1.44	1.44	0.15	0.03	6.13	6.05	0.28	0.01	22.90	0.0057	0.0003	0.55	0.11
	250	0.64	0.63	0.07	0.02	3.56	3.48	0.16	0.01	20.00	0.0050	0.0003	0.42	0.10
	99	0.33	0.33	0.04	0.01	2.82	2.76	0.13	0.01	14.99	0.0037	0.0002	0.28	0.09
	24	0.39	0.39	0.04	0.01	2.08	1.98	0.09	0.01	26.97	0.0067	0.0002	0.45	0.10
														
JC057-16	5519	2.02	2.01	0.22	0.02	20.24	20.00	0.94	0.02	66.19	0.0165	0.0002	0.23	0.02
5.67oS	4999	2.20	2.19	0.24	0.02	27.18	26.85	1.26	0.02	88.87	0.0222	0.0002	0.19	0.01
28.46oW	4499	2.37	2.37	0.25	0.01	23.88	23.60	1.10	0.02	74.44	0.0186	0.0002	0.23	0.01
	3500	2.23	2.23	0.24	0.01	16.23	16.01	0.75	0.02	58.32	0.0146	0.0002	0.32	0.02
	2500	2.92	2.92	0.31	0.01	15.39	15.23	0.71	0.01	43.70	0.0109	0.0001	0.44	0.02
	1751	2.46	2.46	0.26	0.01	13.37	13.14	0.61	0.01	62.82	0.0157	0.0001	0.43	0.02
	1499	2.50	2.50	0.27	0.01	9.82	9.63	0.45	0.01	49.77	0.0124	0.0001	0.60	0.04
	999	2.51	2.51	0.27	0.01	8.69	8.54	0.40	0.01	39.82	0.0099	0.0001	0.67	0.04
	499	1.43	1.43	0.15	0.01	5.23	5.05	0.24	0.01	46.44	0.0116	0.0007	0.65	0.06
	250	0.95	0.94	0.10	0.01	4.32	4.16	0.19	0.01	43.03	0.0107	0.0001	0.52	0.08
	109	0.51	0.51	0.05	0.02	3.40	3.29	0.15	0.01	29.76	0.0074	0.0002	0.35	0.09
														
JC057-18	4318	2.26	2.26	0.24	0.04	18.14	17.89	0.84	0.02	67.01	0.0167	0.0004	0.29	0.05
0.19oS	3998	1.81	1.81	0.19	0.04	15.17	14.92	0.70	0.02	67.37	0.0168	0.0004	0.28	0.05
32.87oW	3498	2.05	2.05	0.22	0.04	14.37	14.11	0.66	0.03	68.27	0.0170	0.0005	0.33	0.06
	3000	2.28	2.27	0.24	0.04	12.06	11.87	0.56	0.02	49.74	0.0124	0.0003	0.44	0.08
	2500	2.51	2.50	0.27	0.05	11.60	11.40	0.53	0.02	55.12	0.0138	0.0004	0.50	0.09
	1749	2.23	2.22	0.24	0.04	10.53	10.28	0.48	0.01	65.97	0.0165	0.0004	0.50	0.09
	1500	2.09	2.08	0.22	0.04	9.36	9.11	0.43	0.01	65.98	0.0165	0.0004	0.53	0.10
	1000	2.34	2.33	0.25	0.05	6.97	6.78	0.32	0.02	50.74	0.0127	0.0002	0.79	0.15
	499	1.37	1.36	0.15	0.03	5.45	4.98	0.23	0.01	127.01	0.0317	0.0004	0.63	0.12
	245	0.84	0.83	0.09	0.02	4.50	4.25	0.20	0.01	68.50	0.0171	0.0002	0.45	0.09
	100	0.60	0.60	0.06	0.02	3.37	3.22	0.15	0.01	41.82	0.0104	0.0001	0.43	0.10
	24	0.39	0.39	0.04	0.01	2.25	1.98	0.09	0.01	71.61	0.0179	0.0002	0.45	0.10
														
230Th and 231Pa are dissolved 230Th and 231Pa activities corrected for the ingrowth from seawater 234U and 235U, respectively, since the time of collection following equations:
230Th = 230Thm – 238U × (1-exp(-λ230Th×t)+ λ230Th/( λ230Th- λ234U) × (234U/238U-1) × (1-exp(- (λ230Th- λ234U) ×t))    (1)
231Pa = 231Pam – 235U × (1– exp(-λ231Pa×t))                   (2)
230Th and 231Pa are further corrected for detrital, U-supported 230Th and 231Pa concentrations as follows:
231Pacorr=231Pa– 0.046× (0.7×232Thm)                              (3)
230Thcorr=230Thm– (0.7×232Thm)                                        (4)
where 230Thm, 231Pam and 232Thm are activities obtained from measurement; 235U and 238U are their average activities in seawater, 118dpm/1000l and 2500dpm/1000l, respectively; 234U/238U is the activity ratio of 234U and 238U in seawater, 1.146; λ230Th and λ231Pa are decay constants of 230Th and 231Pa; t is the time between sample collection and chemical separation of U from 231Pa and 230Th. 0.7 is the average 238U/232Th activity ratio in detrital material (Marcatonio et al., 2001) and 0.046 represents the 235U/238U activity (Anderson et al., 1990).  Activities of 231Pa, 230Th and 232Th have been converted to dpm/1000l assuming the density of seawater ρ= 1.025g/cm3. Half lives for 231Pa, 230Th and 232Th are 32,760yr, 75,584yr and 1.40×1010yr. 
All errors are two standard errors including the contribution from sample weighing, spike calibration, 231Pa, 230Th and 232Th in the respective 233Pa and 230Th spikes, blank correction, internal precision and related corrections of mass spectrometric measurement.

Table B Meridional mass transport and 230Th and 231Pa concentrations in WOCE section water layers
WOCE section	Water Layer	Upper Boundary(m)	Lower Boundary(m)	Meridional mass transport(Sv)	230Th(dpm/1000l)	231Pa(dpm/1000l)
A07 (4.5oS)	Surface	surface	250	15	0.15	0.07
	Intermediate	250	750	5	0.23	0.15
	Deep	750	3500	-24	0.49	0.24
	Bottom	3500	bottom	3	0.76	0.22
A11 (45oS)	Surface	surface	150	11	0.04	0.03
	Intermediate	150	1250	2	0.28	0.13
	Deep	1250	3000	-19	0.62	0.30
	Bottom	3000	bottom	5	0.83	0.28
Positive meridional mass transports are northward.





Table C Additional seafloor removal rates of 230Th and 231Pa 
Station number	Beam attenuation coefficient	Additional removal rate of 230Th	230Th removal	Additional removal rate of 231Pa	231Pa removal	Ratio of additional removal rate of 231Pa and 230Th
	(1/m)	(×10-7 dpm/1000l/y)	(%)	(×10-7 dpm/1000l/y)	(%)	
1	0.056	3.46	0.00004	3.95	0.0004	1.14
2	0.078	3.74	0.00013	5.99	0.0022	1.60
3	0.164	17.03	0.00059	6.46	0.0024	0.38
4	0.157	29.92	0.00118	15.48	0.0066	0.52
5	0.190	21.03	0.00081	12.04	0.0050	0.57
6	0.205	28.84	0.00112	14.19	0.0059	0.49
7	0.205	36.68	0.00144	22.57	0.0096	0.62
9	0.037	19.62	0.00094	4.06	0.0021	0.21
12	0.046	18.49	0.00082	1.78	0.0008	0.10
14	0.038	9.29	0.00034	-3.76	-0.0015	-0.40
16	0.036	5.69	0.00020	3.13	0.0012	0.55
18	0.034	-6.41	-0.00029	1.68	0.0008	-0.26
230Th removal (%) and 231Pa removal (%) indicate the percentage of the additional removal of  230Th and 231Pa caused by near-bottom scavenging relative to their production in the water column (as used in the discussion section 5.2).


Fig. A Vertical profiles of water-column 230Th, 231Pa and 232Th 
(Black lines are JC057 data, red lines are linear extrapolation line used to cauculation additional removal rates in section 5.2.)
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